Introduction {#S0001}
============

In Europe cancer is the second leading cause of death. Responsible for this statistic, in nearly 45% of cases, are the four most frequent cancers: colorectal cancer (CRC), breast cancer in women, lung cancer, and prostate cancer \[[@CIT0001]\].

Colorectal cancer progresses without any symptoms in the early stages, or those clinical symptoms are very discrete \[[@CIT0002]--[@CIT0004]\]. Only in about 15--30% of cases, people with CRC present symptoms of "acute abdomen" such as intestinal perforation, mechanical ileus, or bleeding from the gastrointestinal tract \[[@CIT0005]\]. Those complications are most common in patients in the 6^th^ and 7^th^ decade of life, and they are connected with the worst prognosis \[[@CIT0005]--[@CIT0008]\]. Intestinal perforation may occur in the tumour site or in the cephalad direction as a complication of ileus, and it is more common in patients after radiotherapy or participating in chemotherapy \[[@CIT0006], [@CIT0009]\].

Intestinal perforations occur most commonly in CRC and in diverticular disease. Thye are seen less often in other diseases of the colon (ulcerative colitis, Lesniowski-Crohn disease), abdominal trauma therein iatrogenic (complications after surgery, after endoscopic examination, or after radiation therapy), colonic ischaemia, and necrosis \[[@CIT0005], [@CIT0010], [@CIT0011]\].

In everyday practice, very few cases of CRC lead to perforation. Most commonly diagnosis of perforation is made intraoperatively and the confirmation is based on a histopathological examination made during the operation or performed after surgery. Diagnostics in patients with suspected intestinal perforation should be accurate and fast. Besides medical interview, physical examination and laboratory tests, imaging tests (USG, CT), and diagnostic laparoscopy are also used \[[@CIT0012]--[@CIT0014]\]. Qualification for operation should be made as quickly as possible to avoid presentation of shock, sepsis, or multiple organ dysfunction syndrome (MODS) \[[@CIT0012], [@CIT0015], [@CIT0016]\].

During the operation visual and palpable evaluation of intra-abdominal organs is made. The part of large intestine with the perforated tumour with necrotic tissue and infected fluid is removed. The specimen should be taken for microbiological examination. The removed intestine should be sent for pathomorphological evaluation and an adequate number of drains should be placed in the peritoneal cavity after lavage. The operation ends with restituting the intestine connection or more often with forming an intestinal stoma. The prevalence of complications after surgery in this group of patients is much higher than in patients with elective operation. Anastomotic leakage can be early and is a very dangerous complication. The prevalence of this complication is evaluated as 2.5--20% \[[@CIT0017], [@CIT0018]\].

Diagnosis is based on clinical findings (leakage of pus/faeces through the wound or by drains, abscess, signs of peritonitis), laboratory and imaging tests (classical radiography with contrast medium, CT scan) \[[@CIT0019]\]. Prognosis depends on the level of progression of peritonitis and on the stage of the tumour \[[@CIT0002]\].

Material and methods {#S0002}
====================

A retrospective analysis of patients urgently operated upon in our Division of General Surgery, because of large intestine perforation, from February 1993 to February 2013 was made. Results were compared with a group of patients undergoing the elective surgery for colorectal cancer in the same time and Division.

Patients with colorectal cancer operated upon because of reasons other than perforation were excluded from this comparison. All the patients were qualified for surgical treatment on the basis of clinical examination and imaging test results. Histopathological examination of samples was made in the Department of Pathomorphology in University Hospital No. 2 in Bydgoszcz.

Patients were divided in two groups with low (I and II degree of pathologico-clinical advancement) and high (III and IV degree) clinical advancement, according to International Union Against Cancer (UICC) TNM classification \[[@CIT0031]\]. These two groups were further divided in two subgroups: a group of younger patients up to 64 years of age, and a group older than 64 years of age.

Only dominant postsurgical complication was taken for analysis if a patient had more than one complication. Statistical analysis was made with Statistica v.10 (Stat-Soft, Inc., USA) software. A log-linear analysis of qualitative variables affecting the occurrence of intestinal perforation was used. For the unrelated variables Pearson\'s Chi-squared test was used. The analysis of survival rate was made with Gehan-Wilcoxon test. The confidence level *p* \< 0.05 was considered statistically significant.

Results {#S0003}
=======

A total of 1710 patients had been operated upon from February 1993 to February 2013 with colorectal cancer as a first diagnosis. Reliable medical history had been taken in 1378 (80.58%) cases. In this group 229 (16.62%) patients were admitted and treated with urgent operation because of CRC complications. The most numerous group of patients were patients with mechanical ileus 145 (10.52%) and with intestinal perforation 77 (5.58%). A group of 77 patients operated upon because of perforation was compared with 1149 patients who were undergoing elective surgery for CRC at the same time.

From a performed log-linear analysis the conclusion was made that the main factors responsible for intestinal perforation are tumour localisation and occurrence of a mucinous component in histopathological examination. No influence was demonstrated for age, sex, comorbidities, or clinical advancement of CRC.

Intestinal perforation occurred more often in males (6.52% vs. 6.03%), patients with a mucinous component in histopathological examination (9.09% vs. 6.01%) and with clinically advanced CRC ([Table 1](#T0001){ref-type="table"}). The difference was not statistically significant.

###### 

Results of comparison in a group of patients with colorectal cancer without complications and with additional intestinal perforation

  -----------------------------------------------------------------------------------------------------------------------------------------------------------
                                                          Colorectal cancer without complications   Colorectal cancer with intestinal perforation   *p*
  ----------------------------- ------------------------- ----------------------------------------- ----------------------------------------------- ---------
  Sex                           females\                  561 (93.97%)\                             36 (6.03%)\                                     NS
                                males                     588 (93.48%)                              41 (6.52%)                                      

  Age (years)                   \< 65\                    484 (93.98%)\                             31 (6.02%)\                                     NS
                                \> 64                     665 (93.53%)                              46 (6.47%)                                      

  Clinical advancement of CRC   low\                      623 (93.83%)\                             41 (6.17%)\                                     NS
                                high                      526 (93.59%)                              36 (6.41%)                                      

  Comorbidities                 cardiovascular disease\   475 (36.51%)\                             22 (28.57%)\                                    NS\
                                pulmonary disease\        39 (3.00%)\                               4 (5.19%)\                                      NS\
                                diabetes type 2\          205 (15.76%)\                             16 (29.78%)\                                    NS\
                                renal insufficiency       46 (3.54%)                                3 (3.90%)                                       NS

  Tumor localization            colon\                    670 (91.78%)\                             60 (8.22%)\                                     0.0007\
                                rectum\                   479 (96.57%)\                             17 (3.43%)\                                     NS
                                right side of colon\      348 (92.06%)\                             30 (7.94%)\                                     
                                left side of colon        322 (91.48%)                              30 (8.52%)                                      

  Mucinous component            present\                  69 (6.01%)\                               7 (9.09%)\                                      NS
                                absent                    1080 (93.99%)                             70 (90.91%)                                     
  -----------------------------------------------------------------------------------------------------------------------------------------------------------

In the analysed group there were 711 patients over 64 years of age. Clinical advancement of CRC as well as intestinal perforation complication showed almost the same incidence as in younger patients (6.47% vs. 6.02%) ([Table 1](#T0001){ref-type="table"}).

Cancer (tumour) was most frequently localised in the rectum 500/1226 (40.78%), and this localisation was seldom the cause of perforation. Intestinal perforation occurred two-fold more frequently with colonic localisation, regardless of whether it was on the right or left side of colon. These differences were statistically significant.

In a group of 241 (19.66%) patients only palliative operations were performed, of which, in a group of 151 (12.32%) patients, operations were unresectional. There were two-fold fewer palliative and unresectional operations in a group of patients operated on because of intestinal perforation ([Table 3](#T0003){ref-type="table"}). Differences with the possibility of resection were statistically significant.

During 30-day observation 28 (2.28%) patients died after surgical treatment. The cause of death in 12 patients was multiple organ dysfunction syndrome induced by faecal peritonitis that occurred shortly after operation. The rest of the 16 patients had post-operative complications that were the cause of death.

Six patients died because of complications related to insufficient intestinal anastomosis after surgery, and four patients died because of complications related to intestinal obstruction. In two patients the cause of death was associated with pulmonary complications, and in four patients it was associated with cardiological complications. Of the other 1198 patients 110 (9.17%) had complications in 30-day observation. The most frequent complications were associated with wound healing (55/4.59% -- [Table 2](#T0002){ref-type="table"}). Post-operative complications most often occurred in patients who underwent urgent operation because of intestinal perforation (21.43% vs. 8.42% -- [Table 3](#T0003){ref-type="table"}).

###### 

Complications after surgical treatment

  Complications                          Number   \%
  -------------------------------------- -------- --------
  Wound healing                          55       4.59
  Pulmonary                              10       0.83
  Cardiological                          4        0.33
  Urinary                                9        0.75
  Intestinal anastomosis insufficiency   17       1.42
  Ileus                                  15       1.25
  Without complications                  1088     90.83
  Total                                  1198     100.00

###### 

Results of comparative analysis between patients with colorectal cancer without complications and with intestinal perforation

  ---------------------------------------------------------------------------------------------------------------------------------------------------
                                                  Colorectal cancer without complications   Colorectal cancer with intestinal perforation   *p*
  -------------------------------- -------------- ----------------------------------------- ----------------------------------------------- ---------
  Surgical treatment               resectable     1002 (87.21%)                             73 (94.81%)                                     0.049

  unresectable                     147 (12.79%)   4 (5.19%)                                 NS                                              

  radical                          908 (79.03%)   68 (88.31%)                                                                               

  nonradical                       241 (20.97%)   9 (11.69%)                                                                                

  Post-operational complications   present\       95 (8.42%)\                               15 (21.43%)\                                    0.00026
                                   absent         1033 (91.58%)                             55 (78.57%)                                     

  Anastomotic leakage              present\       18 (2.16%)\                               5 (12.20%)\                                     0.00009
                                   absent         815 (97.84%)                              36 (87.80%)                                     

  Death                            yes\           21 (1.83%)\                               7 (9.09%)\                                      0.00004
                                   no             1128 (98.17%)                             70 (90.91%)                                     
  ---------------------------------------------------------------------------------------------------------------------------------------------------

After resectional surgery, in 874 patients an intestinal anastomosis was made. Anastomotic leakage was present in 23 (2.6%) patients. In this group six (26%) patients died. This complication occurred six-fold more frequently in a group of patients operated upon because of intestinal perforation (12.20% vs. 2.16%) ([Table 3](#T0003){ref-type="table"}).

In the examined group postoperative mortality (30 days) was 2.28% (28/1226). Patients treated because of perforation had a five-fold higher 30-day mortality rate (9.09% vs. 1.83%), and this difference was statistically significant. However, long-term survival did not differ significantly in both groups ([Table 3](#T0003){ref-type="table"}, [Fig. 1](#F0001){ref-type="fig"}).
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Discussion {#S0004}
==========

Surgical treatment of CRC is essential. In over 80% of patients the treatment is elective after complex diagnosis and preparation. In some cases where CRC is recognised an emergency surgery (service) must be performed immediately. This can even happen during an exploratory operation. Those are the patients with acute abdomen, who require immediate surgical intervention, so the preparation for this procedure is limited. This mostly refers to patients with an advanced stage of the disease. In the analysed group among patients with an advanced stage of CRC, the number of patients operated upon because of perforation was slightly higher in comparison with patients who underwent elective surgery (6.41% vs. 6.17%), but this difference was not statistically significant. However, in other recently published studies, it was shown that the stage of cancer advancement had an influence on the type of procedure. Patients with stage IV cancer more frequently underwent urgent operation, which was statistically significant \[[@CIT0020]--[@CIT0023]\].

In his work Chiarugi *et al*. performed a retrospective analysis of 499 patients who underwent the operation, and concluded that 85 (17%) patients were operated upon because of intestinal ileus and 30 (6%) patients because of intestinal perforation \[[@CIT0020]\]. In the observed group of 1378 patients, the number of patients who underwent urgent surgery was much lower (16.62%). The largest group were patients with intestinal ileus -- 145 (10.52%) and with intestinal perforation 77 (5.58%).

Perforation most frequently occurred in patients with the cancer tumour localised in the left part of the colon (8.52%), and least frequently when it was localised in the rectum (3.43%). Different data about localisation of the tumour causing the perforation can be found in the literature. Fujisaki *et al*. found the highest number of tumours (77%) in the sigmoid colon and rectum; however, Ghazi *et al*. noted no difference in the incidence of this complication based on the location of the tumour \[[@CIT0022], [@CIT0024]\].

Despite the generally more difficult conditions of operation and often greater degree of CRC advancement, the resection rate among patients who underwent urgent operation remains high (60--81%). This draws attention to the lower number of lymph nodes in the pathomorphological examination \[[@CIT0024]--[@CIT0026]\]. In our own analysed material 88% of patients underwent resectional operation. They were performed significantly more often in patients with CRC with bowel perforation (*p* = 0.049494), despite no difference in tumour stage.

The reasons for this state can be traced to a difficult diagnostic-clinical situation encountered by the surgeon during the emergency duty. Often the operator decides to make resection surgery despite the lack of accurate imaging studies and the lack of belief in the radical surgery, so these treatments are burdened with much higher morbidity and mortality rates. Radical surgery assessed on the basis of pathological examination in our material is also slightly higher compared to elective procedures (88.31% vs. 79.03%), but these differences were not statistically significant.

After surgery due to intestinal perforation in the course of CRC, more postoperative complications were observed (complications occurred in every fifth patient in the 30-day observation). Compared to patients with CRC undergoing elective surgery, they occurred significantly more often (21.43% vs. 8.42%, *p* = 0.000256).

In the studied group of patients, clinically symptomatic anastomotic leakage after surgery occurred in 23 (2.6%) patients and significantly more often in patients undergoing surgery due to intestinal perforation (12.20 vs. 2.16%).

In the available literature, the mortality rate in patients with CRC, operated upon due to perforated intestine, ranged from 6% to 15% \[[@CIT0024]--[@CIT0027]\]. Compared to patients undergoing elective surgery it was significantly higher \[[@CIT0025], [@CIT0026]\]. In contrast, the survival rate was different. In studies by Zielinski *et al*. and Abdelrazeqa *et al*. the mortality rate was at the same level. In studies by Bass *et al*., McArdle *et al*., and Metcalfe *et al*. a significantly lower distant survival rate was observed \[[@CIT0021], [@CIT0025], [@CIT0028]--[@CIT0030]\]. In our group of patients, in the 30-day observation, 28 (2.28%) patients died. The mortality rate was significantly higher (9.09% vs. 1.83%) in patients undergoing surgery due to perforation. In contrast, long-term survival in both groups of patients undergoing surgery was not significantly different (*p* = 0.12866).

In conclusions, colorectal cancer complication as an intestinal perforation was significantly more frequent in patients with tumours localised in the rectum.

In patients with CRC complicated with perforation of the colon, significantly more resectional operations were performed, in the absence of differences in the stage of cancer.

In 30-day observation, patients with CRC complicated with perforation of the colon showed a significantly higher rate of complications and mortality; however, there were no differences in long-term survival rates.
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